Objectives: To determine the relationships between body mass index (BMI) and diet, social and behavioural factors among adult Jamaicans of African origin. Design: Cross-sectional. Setting: Urban communities in Jamaica, West Indies. Subjects: Three-hundred and sixty-three males and 561 females of African origin, aged 25 -74 y. Results: Women had higher mean BMIs (27.5 AE 6.4 kg=m 2 ) than men (23.4 AE 4.3 kg=m 2 ); 30.7% of women compared with 6.7% of men were obese. There was a tendency for obese men to have higher percentage of intakes from fat and less from carbohydrate, and women reported diets in which the percentage contribution of protein increased significantly with increasing BMI. In multivariate analyses, BMI was not explained by energy but was associated with protein intakes in females only. Predictors of relative weight were inversely related. Social (marital status) and behavioural (cigarette smoking) factors predicted BMI in both genders; older age in men and increased fibre intakes in women were associated with lower BMI. Conclusions: Social and behavioural factors are important determinants of body weight. Further investigations are needed which consider factors such as physical activity, genetic and other environmental variables as predictors of relative weight.
Introduction
Obesity is a major public health problem of affluent countries and is becoming increasingly prevalent in many developing societies (James, 1996) . Obesity is associated with elevated risk for a number of noncommunicable diseases including increased mortality and morbidity from ischemic heart disease, non-insulin dependent diabetes mellitus, hypertension, cerebrovascular diseases, the dislipoproteinemias and some types of cancer (Ravussin et al, 1993) .
Social, economic and demographic transformations have occurred in the Caribbean region and this phenomenon of epidemiologic transition has been accompanied by changing dietary and nutrition patterns (Popkin, 1994) . A feature of this process of epidemiological transition is the reduction in mortality of children less than 5 y old and substantial decrease in mortality from infectious diseases. At the same time, noncommunicable chronic diseases have emerged and account for an increasing share of morbidity and mortality (Pena & Freire, 1996) .
It is generally considered that obesity is a disease of multiple etiology resulting from an interaction between genetic predisposition and diverse environmental variables, including diet (Stunkard, 1998) . In addition to diet-related factors, psychological and socio-cultural variables may contribute to the development and maintenance of the obese state (Drewnowski, 1994) . The central tenet of the etiology of obesity is that excessive body weight is the result of longterm positive energy balance caused by energy intake exceeding expenditure for physical activity and metabolic processes thereby leading to the deposition of excess body fat (Ravussin et al, 1993) . However, the relationship between energy intake and overweight is inconsistent with positive associations (Colditz et al, 1990; Miller et al, 1990) , no association (Myers et al, 1988; Dreon et al, 1998) or negative associations (Baecke et al, 1983; Krombout, 1983; Mertz et al, 1991; Ballard-Barbash et al 1996) reported between energy intake and body weight. Furthermore, the macronutrient composition of the diet may be more important, and it has been suggested that fatter persons consume a greater proportion of their energy intake as fat (Dreon et al, 1988; WHO, 1990) while thinner individuals may consume a greater percentage of their energy as carbohydrate (Bolton-Smith & Woodward, 1993) .
In this report obesity is restricted to assessment by the body mass index (BMI), according to the World Health Organization's classification (WHO, 1995) . The body mass index has good validity with respect to morbidity and mortality form associated disease (WHO, 1995) . Investigation of the risk factors for the development of excessive weight gain is important in order to identify target groups and determine strategies for the prevention and treatment of this condition. However, there is relatively little work to inform this process from developing countries. In this report we describe associations between diet and BMI among adults of African origin in Jamaica. Socioeconomic status behavioral factors are also considered.
Methods and materials

Sampling
The main study from which the data for this report was taken was designed to provide nationally representative reference data and prevalence estimates for the chronic diseases of diabetes, hypertension and obesity. Investigations were conducted in Spanish Town, St Catherine, the third largest town in Jamaica with a population distribution representative of urban Jamaica in its demographic and socioeconomic characteristics (Statistical Institute of Jamaica, STATIN). The most recent census available indicated a population of approximately 90 000 individuals.
Single-stage cluster sampling was used to select the sample. Clusters or enumeration districts (EDs) were chosen by probability proportionate to size sampling which allows larger EDs to be more likely to be selected (Lemeshow & Robinson, 1985) . The Spanish Town area comprised 95 EDs which made up the sampling frames; these EDs ranged widely in size, consisting of 80 -400 households. The EDs were numbered sequentially and selection of clusters was arrived at by calculating a sampling interval (study population=clusters). From a randomly selected starting point, 32 enumeration districts were chosen and 56 subjects per ED selected within age and sex categories.
Recruitment
Recruitment was done house to house. Maps were obtained for each selected enumeration district. The starting point of each enumeration district was marked by STATIN. From the starting point and boundaries highlighted, interviewers proceeded in a clockwise direction ensuring that official and unofficial dwellings were included in the sample. Adults of African descent, aged 25 -74 y, were recruited according to age=sex groupings.
The first 56 persons in each ED (28 males and 28 females in four age categories (25 -34, 35 -44, 45 -54 and 55 -74 y) , determined to be eligible were approached to be included in the survey. Where there were too few subjects to fill all categories, another ED (a higher number and if still necessary, lower number ED) was drawn to complete the age and sex categories. If subjects refused to participate in the study, interviewers continued recruitment until a total of 56 subjects were enrolled in the enumeration district. The participation rate (subject enrolled=eligible persons approached) was 62%. The first 1000 subjects in the study were included in the investigation of diet and obesity and their correlates.
Eligibility criteria. Subjects were recruited to the study if they were 25 -74 y olds, not pregnant and of African origin according to at least two of the following criteria: (a) ancestry -at least three grandparents should be black; (b) observed race -a subjective assessment by the interviewer; and (c) self-assignment.
Training and certification
Four interviewers were trained and certified in all measures of the study including anthropometry and administration of the survey instruments. Reliabilities were conducted on all measurements and questionnaires. Inter-observer agreement for the frequency section of the food frequency questionnaire was 97% and 94% for estimates of portion size. At 3 monthly intervals all staff were recertified in the above procedures. Scales were checked monthly with standard weights.
Dietary intake
Food frequency questionnaires measure usual food consumption and in epidemiological studies the questionnaire is considered to be the most useful method to elucidate associations between diet and disease (Chu et al, 1984; Lee-Han et al, 1989; Willet, 1990) . A food frequency questionnaire was developed to assess the diet of adult Jamaicans. The reproducibility and validity of the FFQ was determined and was comparable to that of other established questionnaires (Jackson et al, 2001; Rimm et al, 1992 , Martin-Moreno et al, 1993 . The FFQ consisted of 70 items and was administered by interview.
Anthropometry
Body weight (without shoes) was measured in clothing to the nearest 0.5 pound on a bathroom-type digital scale. ) and obesity (BMI ! 30.00 kg=m 2 ).
Other variables
Information on demographic and socioeconomic factors and smoking was obtained by questionnaire. The variables used in this report were: age, education level, marital status, smoking and employment status.
Statistical analyses
Data on energy and nutrient intakes are presented in original units. Nonparametric statistics (Mann -Whitney U) were used for variables that were not normally distributed. Chisquare statistics were used for between-group differences of categorical variables. The t-test and analysis of variance were used for variables that were normally distributed.
To examine associations between dietary intakes and body mass index, skewed distributions were normalized by logarithm transformation prior to analysis. Dietary intake variables were expressed as grams per day or as percentage of total energy form fat, carbohydrate and protein. Alcohol was expressed as grams per day, percentage energy or as a dichotomous variable (yes=no). Body mass index was used as a continuous variable. Age was used either as a continuous or categorical (age < 60 and ! 60 y) variable.
The relationship of nutrient intakes (as grams or percentage energy), demographic, social and behavioral variables to BMI was initially screened by partial correlation coefficients to determine associations among these factor with statistical control for age and gender as potential confounders (data not shown). Variables that were significantly correlated with BMI were included in subsequent regression models.
Nutrient intakes were adjusted for total energy by computing residuals from regression analyses, with energy intake as the independent variable and nutrient intake as the dependent variable (Willett, 1990) . Residuals were added to the expected nutrient value for the mean energy intake of the sample to obtain a score adjusted to the average energy intake.
Multiple linear regression analyses were used to ascertain the extent to which diet composition expressed as nutrients (gram per day) predicted BMI. Separate regression analyses were conducted for men and women with age and total energy intakes entered in all regression models. In a similar manner, the non-dietary variables which were significantly correlated with BMI (smoking, marital status, education and employment) were examined. A final model combining dietary, behavioral, demographic and social variables was then examined.
Statistical analyses were performed using the Statistical Package of Social Sciences (SPSS, 1999) . Statistical significance was achieved when P < 0.05.
Results
Exclusions Thirty-three participants only partially completed, or did not complete the FFQ. Using a priori exclusion criteria of energy intakes less than 800 or greater than 5500 kcal, a further 39 subjects were also excluded, resulting in a total of 924 subjects for analyses of diet. The data were collected between September 1993 and January 1995.
Characteristics of the sample Demographic, anthropometric and dietary characteristics of the study participants by sex are shown in Table 1 . The sample consisted of 561 females (60.7%) and 363 males (39.3%). The mean ages of men (46.1 AE 14.5 y) and women (46.0 AE 13.3 y) were similar. Education was defined as having pursued a specified level and does not take into consideration completion of the programme. The majority of the sample, both males and females, reported primary education as the highest level attained. Men were more likely than women to be married or in union and less likely to be currently unemployed. Smoking was reported primarily among men, however, most (84%) were light smokers reporting smoking 1 -10 cigarettes per day.
Significant differences in dietary and anthropometric characteristics were evident between the sexes (Table 1) . Women, on average weighed more than men and had higher mean BMIs. However men consumed significantly 
Energy, nutrients and body mass index
Using WHO criteria for BMI categories, 30.7% of women were obese compared with 6.7% of men. Calculations of the proportion of energy contributed by macronutrients by BMI categories, showed that among men there was a tendency for obese men to have higher percentage of intakes from fat and less from carbohydrate, but this was not statistically significant (Table 2 ). Women reported diets in which the percentage contribution of protein increased significantly with increasing BMI; a similar trend among men did not reach statistical significance. However, the change in percent protein across the categories was less than 1% and unlikely to be clinically significant.
Factors associated with BMI
There was a weak inverse correlation (r ¼ 7 0.12; P ¼ 0.002) between energy intake and body mass index. With adjustment for age, energy intake maintained its significant and negative relationship (b ¼ À7.39 Â 10 74 ; s.e. ¼ 2.0 Â 10 74 ; P ¼ 0.002). Separate regressions were conducted with BMI as dependent variable and each of the diet, behavioral and social variables which were significantly correlated with BMI in univariate analyses, as independent variables (Table 3 ). Age (above and below 60 y) and total energy intakes were entered in all these analyses.
Among males, cigarette smoking and being single were inversely associated with BMI. Among women, protein intake was positively related while fibre intake, cigarette smoking and being single were negatively associated with BMI (Table 3) . Age, energy intakes and all dietary and non-dietary variables that were significant were offered in stepwise regression models testing their independent associations with body mass index by gender (Table 4) . Cigarette smoking and being single were associated with relative weight in both genders. Cigarette consumption was associated with a reduction in BMI of 1.6 kg=m 2 and 1.8 kg=m 2 in males and females, respectively, and being divorced, separated, single or in a visiting relationship predicted a BMI of approximately 1.00 kg=m 2 lower than being in unions. Being over 60 y old was associated with lower BMIs in men. Protein consumption was positively associated with BMI while increase in fibre intake was associated with lower BMI in women only. 
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Discussion
This report examined the associations of diet, social and behavioral factors with BMI in the adult population of African origin in Jamaica. The relation of BMI to lifestyle, diet and socioeconomic factors is complex and poorly understood in countries undergoing a demographic transition.
Within the limits of available data, we have attempted to elucidate the factors associated with relative body weight. In this study the mean BMIs of males and females were 23.4 AE 4.3 kg=m 2 and 27.5 AE 6.4 kg=m 2 , respectively; 30.7% of women and 6.7% of men were obese. The mean BMIs of men and women were similar to averages reported in some Caribbean countries but lower than in others, and in the USA (Cooper et al, 1997) . High prevalence of obesity in women surpassed the levels reported in other developing countries in Latin America (Martorell et al, 2000) and Africa (Martorell et al, 2000; Mokhtar et al, 2001) . Of interest, in our international study (Mbanya et al, 1999; Cruickshank et al, 2001 ), 35% of Afro-Caribbean women in Britain were obese, as were 37% of women in Pomerleau et al's (1999) study. The alarming level of obesity among women is of public health significance and a challenge to scarce resources.
Dietary intake and BMI
It has been postulated that energy dense diets and a sedentary lifestyle are primary environmental factors associated with increased fatness (Stunkard, 1998) . There was a modest negative correlation between energy intake and BMI (r ¼ À0.12, P < 0.01), which remained significant after adjustment for age. This negative association may reflect higher energy intakes among more active persons who also have lower BMIs (Willet, 1990) . However, when energy intake was tested in multivariate analysis together with other dietary, social and behavioural factors, it was no longer significantly associated with body mass in either men or women. The negative association found in this and other epidemiological surveys is contrary to the findings of laboratory investigations which report a positive association between directly measured sedentary 24 h energy expenditure and body weight (Ravussin et al, 1993) . Two prospective studies (Colditz et al, 1990; Klesges et al, 1992) and Tucker and Kano's (1992) cross-sectional investigation also showed a positive relationship between energy intake and obesity.
Higher protein intakes were associated with increased BMI in females only and remained significant in multivariate analyses which included social and behavioural variables. The association of protein intake and BMI raises the question of the mechanism wherein intake of the nutrient results in excess weight. Obesity is considered to reflect energy balance; manifestation of the condition arises when energy intake exceeds energy output. It has been suggested that there is a hierarchy in the extent to which the macronutrients influence energy intake. Dietary protein provides the strongest inhibition of energy intake and exerts a potent effect on satiety (Blundell & MacDiarmid, 1997) . These findings challenge the study's suggestion that dietary protein intake is an important pathway for the retention of energy and the accumulation of body fat. Hence, protein is likely to be a surrogate for one or other specific variables that were not measured in this study. For example, higher protein intake may be related to a more sedentary lifestyle.
Fibre intake was inversely related to BMI in women. Fibre intake induces satiety by modulating the period of pre-and post-absorptive satiety signal and may further limit intake by lowering the energy density of foods thereby allowing time for satiation to occur before large intakes of energy (Astrup, 1999) .
Social and behavioral correlates of BMI
The limited association between dietary factors and body mass index suggests that other factors may be important. Among these are social and behavioral factors and genetics as determinants of body weight. Ironically, an adverse health behavior, cigarette consumption, was inversely associated with BMI and was predictive of lower body mass index regardless of gender. The findings are consistent with other studies that suggest that smokers have lower body weights Determinants of BMI M Jackson et al than their nonsmoking counterparts because of smoking related increases in basal metabolism and energy expenditure (Perkins et al, 1989) or because of an effect of smoking on energy intake (French et al, 1994) . Both men and women who were married or in stable unions had higher BMIs than persons not in unions. It has been suggested that important events in the life cycle may precipitate the onset of obesity. Of interest, Rissanen et al's longitudinal study suggest significant weight gain after marriage and weight loss after bereavement in both men and women (Rissanen et al, 1991) .
The percentage of the variance in BMI explained by the model was small. This may be related to the relatively imprecise measure of dietary intake. Furthermore, physiological variables such as metabolic rate and physical activity level, which were not measured in the present study, may significantly influence relative weight. Caution should be exercised in assuming causal relationships as the present findings are from cross-sectional and not longitudinal data and may not reflect long-term patterns.
The associations of body weight in this study were behavioural (cigarette smoking) and social (marital status) in both genders, protein and fibre intakes in females, and among males, being over 60 y old. Further, preferably longitudinal investigations are needed which consider factors such as physical activity, genetic and other environmental factors as predictors of relative weight in our population and other developing countries.
